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AHHOTALIUA

Erwinia rhapontici (Millard 1924) Burkholder
1948 — aT0 (huTOmaTOreHHass 6aKTepus, BhI3bIBAIO-
mas PO30BBIM GaKTEPHO3 3epPHA y 3€PHOBBIX U
3ePHOO060BBIX KYJLTYP, & TaKXKe Pa3JIUYHbIE BUIbI
THUJIEN U APyTryde CUMIITOMBI Y IIUPOKOTO MePedHs
LIEHHBIX CEeJIbCKOX035MCTBEHHBIX PACTEHUU, M IJII
MOJHOTO TMOHMMAaHMS MAaTOTeHHOTO MOTeHIIHuala
9TON GaKTepuu HeOoOGXOAMMO JeTaJlbHO U3YUYUTH
MaKCHMaJIbHO BO3MOXKHOE UHCJIO ITaMMOB. Llesbio
IaHHOUW pabOoThl SABJISIETCS CO3MaHNE KOMILJIEKCHOM!
XapaKTepuCTUKY 6aKkTepraibHOro mramMmma VNIIKR-
B-0035 E. rhapontici, BbIJeJeHHOTO U3 SAUYMEHS
06BIKHOBEHHOTO o3uMoro (Hordeum vulgare L.),
npoucxoxjaeHue — Pecnybiuka Kpeim. B pa6ore
MIpecTaBJeHbl ero Mop(goJIorTuYecKre CBOMCTBA,
KOTOpPbBIE ObLIN U3YUYEHBI C IIOMOIIbI0 MUKPOCKOITNY
KJIETOK, a TaKXXe hoTorpaduy KOJIOHMH 6aKTepralib-
HBIX KyJIbTYp Ha NuTaTeJbHOU cpelie R2A. KieTku
NaHHOTO IITaMMa HaJOYKOBUAHONU (pOopMbI, UX
pasmep 0,8-1,5 MkM B fiuHy, 0,2—0,4 MKM B IIUPUHY.
bakTtepuasbHble KojoHuHU mramMma VNIIKR-B-0035
Ha cpege R2A — 6eyloBaToOro IBeTa, CIU3UCTHIE,
OIHOPOAHBIE, UMEIT KPYIJIYI0 BBIOYKJIYIO (hopMmy,
TJIaAKYI0 ¥ 6JIECTSIIYI0 TOBEPXHOCTh, HETIPO3PadHbI,
a BbIpaboTKa BOJLOPACTBOPUMBIX MUTMEHTOB
OTCYTCTBYeT. Buoxumuueckre 0COGEHHOCTU GbLIU
u3y4deHB HaGOpPOM AJYI MAEeHTUDUKAILUU
Enterobacteriaceae m (GU3NOJOTUUYECKUX CXOJHBIX
6aktepuii API 20E (Biomerieux, ®panius). BakTe-
pUU STOTO IITaMMa CIIOCOGHBI COPaKUBATh MHOTUE
BUIbI CaXapoOB, BOCCTAHABJIMWBAT HUTPUTHI, HE
OPOAYIUPYIOT apPrUHUHAUTUIPOJIA3Y, JU3UHIeKaP-
6okcuyiasy, OpHUTUHAeKap6okcumgasy, ypeasy,
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ABSTRACT

Erwinia rhapontici (Millard 1924) Burkholder
1948is a phytopathogenic bacterium that causes pink
grain of cereals and legumes, as well as various types
of rot and other symptoms in a wide range of valuable
agricultural plants, and to fully understand the
pathogenic potential of this bacterium, it is necessary
to study in detail as many strains as possible. The aim
of this work is to create a comprehensive character-
ization of the bacterial strain VNIIKR-B-0035 E.
rhapontici, isolated from common winter barley
(Hordeum vulgare L.), origin — Republic of Crimea. The
paper presents its morphology studied using cell
microscopy, as well as photographs of bacterial
colonies cultured on R2A nutrient medium. The cells
of this strain are rod-shaped, measuring 0.8-1.5 um
long and 0.2—-0.4 ym wide. Bacterial colonies of strain
VNIIKR-B-0035 on R2A medium are whitish, slimy,
and uniform. They have a round, convex shape, a
smooth, shiny surface, and are opaque. They do not
produce water-soluble pigments. Biochemical
characteristics were studied using the API 20E kit for
theidentification of Enterobacteriaceae and physiologi-
cally similar bacteria (Biomerieux, France). Bacteria
of this strain are capable of fermenting many types of

®duTtocaHuTapusa. KapaHTuH pactenuin 44



NWOEHTUOUKALIMA  IDENTIFICATION

WHIO0JI, alleTOMH, XejlaTuHa3zy u H,S, a Taxkxke He
CIIOCOOHBI YyTUIIM3UPOBATH LIUTPAThI. MOJIEKYJISIPHO-
reHeTH4YecKas XapaKTepUCTUKA MpOBeJeHa C HC-
oJib3oBaHueM ueTbipeX [11IP-TeCcTOB Ha pa3jiuyHbIe
reHbl, CTIeIUMUYHBIX AJII JaHHOU pUuTOormaToreHHOU
6akTepuu. lllITamM VNIIKR-B-0035 naeHTUDUIIPO-
BaH C MCII0Jb30BaHKUEM [II[P-TecToB ¢ IIpaliMepaMu
TSUO01/TSU02, ERH-1A/ERH-1B u isoRF/isoRR, a
Tak)ke IIyTeM CEeKBEHUPOBAHMS ydacTKa reHa rpoD.
9TO mnepBasg MOJIEKYISIPHO-TeHeTUYeCcKas UNEHTU-
uxanus E. rhapontici B Poccuu. 3ta paboTa moATBEP-
IWJIa, YTO SUMEHB 00BIKHOBEHHBIN (Hordeum vulgare L.)
MOJKET CIIY’KUTb UCTOUYHUKOM U30AUY E. rhapontici.

Knrouesvie cnosa. Konnekiiys, 6akTepuu,
6aKkTepMo3 3€PHOBBIX, UAeHTU(UKAIINSI, r'poD,
Ppo30BbIl 6aKkTepro3, I1LIP, 3amiuTa pacTeHnH,
KapaHTUH pacTeHUMH.

BBEJEHUE

UToIaToreHHas 6GakTepus Erwinia
rhapontici (Millard 1924) Burkholder
1948 BbI3BIBAET PO30BHIN GAKTEPUO3
3epHa y 3epHOBBIX (Dutrecq et al.,
1990; Roberts, 1974) n 3epHO606OBBIX
kynbTyp (Huang et al., 2007;
Schroeder et al., 2002), a Takxe
pasiuYHbIE BUABI THUJIU Yy OBOIHBIX
(Kahala et al., 2012; Wang et al., 2022), MJI0OBBIX
kynbTyp (Kotan et al., 2006; Wang et al., 2017),
sekapcTBeHHBbIX (Tharreau et al.,, 1992) u mpyrux
X03SIUCTBEHHO-IIEHHBIX pacTeHny (Ramirez-Rojas et
al., 2016). OCHOBO# [JIsI OCYILIECTBJIEHUS KOHTPOJISI
3a60JIeBaHUI PACTEHMU, BEI3BIBAEMBIX (DUTOTIATOTE-
HaMu, IBJASIOTCS yraybJieHHble 3HAHUSA 006 UX
OUMOJIOTUYECKUX U MOJEKYJISIPHO-TEHETUUYECKUX
ocobenHocTax (Hukutuuckuil, Hukutuuckas, 2025).
[ToslyyeHre TaKWX 3HAHWUHN TpPebyeT HaIUYUSA Kak
MO>KHO OOJIBIIIETO YKCJIa INTAMMOB C YCTaHOBJIEHHBI-
MU KyJbTypPaJbHO-MOP()OJIOTUUECKUMU, OGUOXUMU-
YECKUMHU U MOJIEKYJISIPHO-TEHETUYECKUMU XapaKTe-
puctukamu. Illtamm VNIIKR-B-0035 E. rhapontici,
OBLI BbIZesieH B 2021 I. ¥3 pacTEHUS TUMEHS 00bIKHO-
BeHHOT0 03uMoro (Hordeum vulgare L.) copta Bocxop,
(cymepanmnTa) B paMKax HayYHO-MCCIEN0BaTEbCKOM
pa6orer ®I'BY «BHUUKP» u npenBapuUTeNbHO
uIeHTU(PUIINPOBAH CEKBEeHHPOBaHUEM (parMeHTa
reda 16S pPHK c ucmoab3oBaHMEM HpaliMepoB
8UA/519B, 0 ueM cIeflaHO KpaTKoe yIIOMUHaHUE B
nybamkamuyu MyBUHTHY ¢ Kojteramu (Muvingi et al.,
2023). [TonyyeHHas MOCJIEeN0BATEIbHOCTb yUYacTKa
16S pPHK npu Nucleotide BLAST aHanuse
(https://blast.nchi.nlm.nih.gov/Blast.cgi) mokasaa
MakKcuMaJibHOe cxomcTBo (98,77% npu 100%
TOKPBITUMU) ¢ o6pasmamu E. rhapontici. JleTIOHUpPOBa-
HUe IMTaMMa B HCCJEIOBATENbCKYIO KOJIJIEKIIUIO
Hay4YHO-METOAUUYECKOTO OTHesa 6aKTEPUOJIIOTUU
®I'BY «BHMVKP» ocylecTBI€HO IO pe3ysJbTaTaM
uneHTUUKAIIMYU TOJBKO 10 pparmMenTty 16S pPHK,
YTO He MO3BOJISIET C JOCTATOUHON CTEIIeHbI0 JOCTO-
BEPHOCTH IIOJATBEPAUTD BUIOBYIO IPUHAIJIEKHOCTD
mramMMma K E. rhapontici.

sugars, reduce nitrites, do not produce arginine
dihydrolase, lysine decarboxylase, ornithine decar-
boxylase, urease, indole, acetoin, gelatinase and H2S,
and are also unable to utilize citrates. Molecular
genetic characterization was conducted using four
PCR tests for various genes specific to this
phytopathogenic bacterium. Strain VNIIKR-B-0035
was identified using PCR tests with primers
TSUO01/TSU02, ERH-1A/ERH-1B, and isoRF/isoRR, as
well as by sequencing a portion of the rpoD gene. This
is the first molecular genetic identification of E.
rhapontici in Russia. This study confirmed that
common barley (Hordeum vulgare L.) can serve as a
source of E. rhaponticiisolation.

Key words. Collection, bacteria, cereal
bacteriosis, identification, rpoD, pink grain of cereals,
PCR, plant protection, plant quarantine.

INTRODUCTION

he phytopathogenic bacterium Erwinia

rhapontici (Millard 1924) Burkholder 1948

causes pink grain of cereals (Dutrecq et al.,

1990; Roberts, 1974) and legumes (Huang

et al., 2007; Schroeder et al., 2002), as well
as various types of rot in vegetables (Kahala et al.,
2012; Wangetal.,2022), fruit crops (Kotan et al., 2006;
Wang et al., 2017), medicinal (Tharreau et al., 1992)
and other economically valuable plants (Ramirez-
Rojas et al., 2016). The basis for monitoring plant
diseases caused by phytopathogens is in-depth
knowledge of their biological and molecular genetic
characteristics (Nikitinsky, Nikitinskaya, 2025).
Obtaining such knowledge requires the availability of
as many strains as possible with established cultural,
morphological, biochemical, and molecular genetic
characteristics. The E. rhapontici strain VNIIKR-B-
0035 was isolated in 2021 from the Voskhod
(superelite) variety of common winter barley
(Hordeum vulgare L.) as part of research at the FGBU
“VNIIKR”. It was preliminarily identified by sequenc-
ing a fragment of the 16S rRNA gene using primers
8UA/519B, as briefly mentioned in the publication by
Muvingi (Muvingietal.,2023). Theresulting 16S rRNA
sequence, when analyzed by Nucleotide BLAST
(https://blast.nchi.nlm.nih.gov/Blast.cgi), showed the
highest similarity (98.77% at 100% coverage) to E.
rhapontici samples. The deposition of the strain in the
research collection of the Research and Methodology
Department of Bacteriology of FGBU "VNIIKR" was
carried out based on the identification results only by
the 16S rRNA fragment, which does not allow us to
confirm with a sufficient degree of certainty the
species affiliation of the strain to E. rhapontici.
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Llenb vccaen0BaHUs 3aKJl0Ualach B uITeHTUDU-
karuu mramMma VNIIKR-B-0035 ¢ ncIioJab30BaHUEM
KOMILJIEKCA MOJIEKYJISIPHO-TEHETUUECKUX TECTOB U B
YTOUHEHUU €T0 KyJIbTYPaJabHO-MOP(POJIOTUYECKUX U
GUOXVMUYECKUX CBOHCTB.

MATEPHUAJIBI U METO/1bI

MaTepurajoM HCCIeIOoBaHUS IBJILJCS LIITaMM
VNIIKR-B-0035 E. rhapontici. lllTaMM XpaHUTCS B
WCCJIeIOBATEJIbCKOM KOJIJEKIIUM HAayYHO-METO-
IUYEeCKOro otnena 6akrepuosoruu ®I'BY «BHUVIKP»
B MOPO3UJIbLHOUM KaMepe Ipu Temiepatype -80 °C B
IByx (popmax: B BuZe cycreH3uu B 15%-M pacTBope
TINleprHa U B BUIE HNCXOLHOM GaKTepUabHOU
KyJIbTYPBI Ha CTEHKE KPUOTIPOOUPKH.

Yuctyw KyabTypy mrTamma VNIIKR-B-0035
E. rhapontici ¥CIIOJIb30BaJIV I XapaKTePUCTUKU
KOJIOHUI U KJIETOK OaKTepHH, a TaKXKe [IJis IIpoBee-
HUS MOJIEKYISIPHO-TEHETUYECKON XapaKTEePUCTUKU
C UCIIONIb30BaHUEM BuIocHelimpuuHbix [T11P-
TecToB. JIlng moceBa mramMmma VNIIKR-B-0035
E. rhapontici MCIIOJIb30BAaJIM arapu30BaHHYI MUTA-
TeJIbHYIO cpexy ob61lero HazHavyeHus R2A (Reasoner,
Geldreich, 1985). KyabTuBUpOBaHUE IITaMMa
npoBogunu npu temmepatype 27 °C. Mopdomaoru-
YyecKre MPU3HaKW KOJOHUY OITMCHIBAJIU B COOTBET-
CTBUY C 00IIENPUHATEIMY MeTogaMy (ITpakTUKyM 110
Mukpobuosoruu, 2005). doTopUKCaIIU0 KOJOHUMI
mpoBoguau Ha poToamnmapaTe (Canon EOS 6D Mark 1,
SITTOHMS), a TAKXKeE C MCII0JIb30BaHueM kaMepbl (Canon
EOS RP, SImOHMS) B COYETAHUY CO CTEPEOMUKPOCKO-
oM (Zeiss stereoDiscovery V20, l'epmanus). doTo-
ukcaluio KJIeTOK 6aKTeEPUY ITPOBOIMIIN HA TOJIOTO-
MorpaduueckoM MuKpockorne HT-X1 (Tomocube,
Pecmiy6sinka Kopest).

MosekyaapHO-TeHEeTUUeCKyI0 uAeHTupUKa-
VIO IIPOBOAMIIYU, UCIIONb3ya 1L P-TecTrl, Iiepeuuc-
JeHHbIe BTa0. 1.

The aim of the study was to identify the VNIIKR-
B-0035 strain using a set of molecular genetic tests
and to clarify its cultural, morphological and bio-
chemical properties.

MATERIALSAND METHODS

The study material was the E. rhapontici strain
VNIIKR-B-0035. The strain is stored in the research
collection of the Research and Methodology Depart-
ment of Bacteriology of FGBU "VNIIKR" in a freezer at -
80°C in two forms: as a suspension in a 15% glycerol
solution and as the original bacterial culture on the
wall of the cryotube.

A pure culture of the E. rhapontici strain VNIIKR-
B-0035 was used to characterize bacterial colonies
and cells, as well as to conduct molecular genetic
characterization using species-specific PCR tests.
General-purpose agar nutrient medium R2A (Rea-
soner and Geldreich, 1985) was used to inoculate the
E. rhapontici strain VNIIKR-B-0035. Cultivation of the
strain was carried out at a temperature of 27 °C. The
morphological characters of the colonies were
described in accordance with generally accepted
methods (Practical Guide to Microbiology, 2005).
Photographic recording of the colonies was per-
formed using a camera (Canon EOS 6D Mark II,
Japan), as well as a camera (Canon EOS RP, Japan) in
combination with a stereomicroscope (Zeiss
stereoDiscovery V20, Germany). Photographic
imaging of bacterial cells was performed using a HT-
X1 holotomographic microscope (Tomocube,
Republic of Korea).).

Molecular genetic identification was performed
using the PCRtestslistedin Table 1.

To confirm the absence of inhibition of the
amplification reaction, additional PCR testing with an
internal positive control (IPC) was performed
according to the method described by Mazurin et al.

Ta6. 1. MOJIeKyJIHpHO-I'eHeTPI‘-IeCKHe TECThbI, NCIIOJIb30BaHHbIC IJIAA I/I,Z[,eHTPI(l)I/IKaH,I/II/I mTamMmMma

VNIIKR-B-0035 Erwinia rhapontici

Table 1. Molecular genetic tests used to identify the strain VNIIKR-B-0035 Erwinia rhapontici

JdauHa
TecT Mpaiimep MociegoBaTeIbHOCTD 5 -3 MumeHb IIP-npoaykTa HcTouyHMK
Test Primer Sequence 5" -3° Aim Length of PCR Source
product
TSUO1/TSU TSUO1 CCCTGAAGCCATCACTTATT Tsuji
02 TSUO2 AACACACAGCTTCAGGATG rpoD 466 etal,, 2020
iSORF/isoR  iSORF CCTGCAGTGCCGGGCCAGAT - 1600 Thapa et
R iSoRR AGTGTGACTGTTGTTTTCAG al.,, 2012
recA_8/rec TecA_8 TTGGGCGTGGATATCGAC Gehring,
A_8c recA_8c CACTTTAACGCGGGTCTCA recA 419 Geider, 2012
ERH- ERH-1A AGTGGCGGTCCTGGTAAAAG Naas et
1A/ERH-1B  ERH-1B AAGCATCTCCCAGCCAAGTC ampC 736 al., 2004

*rpoD — pparMeHT B-cyObeqMHUIILI 6aKTEPUATIb-
"ot PHK-monmumepassl; NX-5 - (pparMeHT reHa
caxapo3ousomepasnl; recA — dparmeHT resa JHK-
pexkomMb6uHasel A; ampC — dparMeHT reHa B-
JakTaMasbl kjacca C.

*rpoD - a fragment of the B-subunit of bacterial
RNA polymerase; NX-5 - a fragment of the sucrose
isomerase gene; recA - a fragment of the DNA
recombinase A gene; ampC - a fragment of the class C
B-lactamase gene.
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Il IoaTBEePXKIEeHUS OTCYTCTBUS MHIMGHUPOBa-
HUSA peakuy aMIIUuOUKaA Y IPOBOLWIIY JOIOJIHU-
TeabHOe [Il]P-TecTupoBaHUE C BHYTPEHHUM I10JIO-
JKUTEJIbHBIM KOHTposieM (BIIK) corjlacHO MeTOAVKe,
OTIMCAaHHOI Ma3ypuHBIM C coaBTopamMu (MasypuH u
Ip., 2012). [TomyueHHbie [T P-ITPOAYKTHI BU3YATIU3U-
poBanu myTeM ajekTpodopesa B 1,5%-M arapo3HOM
reJjie B cTaHZapTHOM Tpuc-6opaTtHoM (TBE) 6ydepe c
OKpPAaCKO¥ KpacureysieM OGPOMUCTBIM 3THUAUEM U
LJOKYMEHTHUPOBAJYU NPU NOMOLLU CUCTEMEI
ChemiDoc™ XRS+, BIO-RAD, CIIIA.

B 1e1X MOBBINIEHUS JOCTOBEPHOCTU MOJIEKY-
JIIPHO-TeHETUYECKOU UAEHTU(DUKAIUU U TOATBEDP-
KAEHUS BUILOBOU MTPUHAIJIEKHOCTU HCCIELYEMOTO
mramMMa 6blIa oIlpefeseHa IIOCJIEL0BATENIbHOCTD
(parmenToB rena rpoD (Tsuji et al., 2020) c mOMOII[bIO
ceKkBeHUPOBaHU 110 CasHrepy (BeskuH u mp., 2021).
[TosiyueHHBbIe HYKJIEOTUAHBIE II0CJIEI0BAaTEIbHOCTU
WCIIOJIb30BAJIN IJIsI TIOMCKA TOMOJIOTMYHBIX 0Opas-
11oB npu momouiu mporpamMmel BLAST (https://blast.
nchi.nlm.nih.gov/Blast.cgi) m BbIpaBHUBAJIM ajiro-
putmom CLASTAL W B takeTe mporpamm BioEdit 7.2.

[Tpy u3yuyeHUU GMOXUMUIECKUX OCOGEHHOCTEN
WCHOJb30BaJdu HaboOp AJS UAEeHTUDUKAIUU
Enterobacteriaceae v NPYTUX HENMPUXOTIUBBIX
rpaMOTpUIlaTeIbHBIX Majodek API 20E (Biomerieux,
®paHIUSI) B COOTBETCTBUU C MHCTPYKIUAMU
TTPOUBBOAUTEJS C OLHUM UCKIIOUEHUEM: MHKYGHUPO-
BaHUe TIJAHIIETOB C MUKPOJIYHKAMU IIOCJe UX
WHOKYJISIIIUY 6aKTEPUATbHOM CyCIIEH3UEN ITPOBOU-
aunpu 27 °C B TeueHue 24 yacoB, a He 1pu 36 °C £ 2 °C,
ITOCKOJIBKY JJAHHBIH IITAMM HE MOXXET OBITh KYJIbTU-
BUPOBAaH pu Temueparype Beoliie 30 °C. TectupoBa-
HY€e IPOBOJIUJIU B IITUKPATHOY [TIOBTOPHOCTM.

PE3VJIBTATBI 1 OBCYKJIEHUE

Mopdhionoeuueckue ceoticmea

B pesyabrTaTe aHanusda 2D-uzobpaxeHuiu,
CO3[LaHHBIX Ha roJIoToMOrpaduiyeckoM MUKPOCKOIe
HT-X1 (Tomocube, Pecriy6arka Kopest), ycTaHOBJIEHO,
yTo KjeTku mramMma VNIIKR-B-0035 E. rhapontici
uMeloT ¢popmy majiouek pasmepom 0,2—-0,4 MKM B
mupuny 1 0,8-1,5 MKM B AJinHy (CM. puUc. 1).

Mopdosorus koymouui mramma VNIIKR-B-0035
E. rhapontici npenctasiieHa Ha puc. 2 (Canon EOS 6D
Mark II, dmnonwust) 1 Ha puc. 3. (CTEPEOMUKPOCKOII
Zeiss stereoDiscovery V20, I'epmaHus, ¢ KaMepou
Canon EOS RP, dmioHus).

Mopdonornyeckre MPU3HAKYA KOJIOHUH IITaMMa
VNIIKR-B-0035, onucaHHble B COOTBETCTBUU C
obuenpu3HaHHbBIMU MeToAuKaMu ([IPpaKTUKyM ITI0
MUKpo6uoJioruu, 2005), mpeAcTaBJIeHbI B TA0JI. 2.

B pesynbsTaTe nnpoBegenuda I11P-TectupoBaHusa
IOHK mrtamMma VNIIKR-B-0035 c mpaiMepamMu
TSUO1/TSUO02, ERH-1A/ERH-1B, isoRF/isoRR u
asekTpodopesa [MIIP-IpoAyKTOB B arapo3HOM reje
BU3yaJIN3UPOBAHBI (hpPAarMeHThI OXKUIAAEMOU AJIUHBI
466 11.0., 736 11.0., 1600 11.0. COOTBETCTBEHHO (CM. PHUC.
4A, 4B, 4B). Ha puc. 4Ty IHK mtamma VNIIKR-B-0035
[TOP-tiponykThl oTcyTcTBOBaau. Hamuuume IILIP-
IIPOAYKTA OXKUAAaeMOou AJimHbI 419 11.0. (CM. puc. 4I) y
MOJOXUTEJIbHOTO KOHTPOJSA aMIJIUPUKAIIUU, a
Tak)Xe OTCYyTCTBUE MHrmoupoBaHwus IILIP, moaTBep-
)KIeHHoe TosrydeHueM IMIP-mipogykTa mjuHo#n 714
1.0. y BIIK (cM. puc. 5), CBUIETEeIbCTBYET O KOPPEK-
THOM ITpoxOoXaeHuu [T11P.

(Mazurin et al., 2012). The resulting PCR products
were visualized by electrophoresis in a 1.5% agarose
gelin a standard Tris-borate (TBE) buffer stained with
ethidium bromide dye and documented using the
ChemiDoc™ XRS+, BIO-RAD, USA.

To increase the reliability of molecular genetic
identification and confirm the species affiliation of
the studied strain, the rpoD gene fragments (Tsuji et
al., 2020) were sequenced using Saenger sequencing
(Belkin et al., 2021). The resulting nucleotide
sequences were used to search for homologous
samples using the BLAST software (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) and aligned using the
CLASTAL W algorithm in the BioEdit 7.2 software
package.

For the study of biochemical characteristics, the
API 20E kit for the identification of Enterobacteriaceae
and other unfastidious gram-negative rods
(Biomerieux, France) was used in accordance with the
manufacturer's instructions, with one exception:
incubation of microwell plates after their inoculation
with a bacterial suspension was carried out at 27 °C
for 24 hours, and not at 36 °C + 2 °C, since this strain
cannot be cultivated at temperatures above 30 °C.
Testing was carried outin 5 replicates.

RESULTS AND DISCUSSION

Morphology

Asaresult ofthe analysis of 2D images created on
the HT-X1 holotomographic microscope (Tomocube,
Republic of Korea), it was established that the cells of
the VNIIKR-B-0035 E. rhapontici strain are rod-
shaped, 0.2—-0.4 ym in width and 0.8-1.5 ym long (see
Fig.1).

Puc. 1. 2D-u3obpaxxeHune
6aKTepuanbHbIX KIETOK
wTtamma VNIIKR-B-0035
Erwinia rhapontici,
cpoenaHHoe Ha

Fig. 1. 2D image of bacterial
cells of the VNIIKR-B-0035
Erwinia rhapontici strain
taken on an HT-X1
holotomographic microscope

ronotomMorpaguyeckom (Tomocube, Republic of
Mukpockone HT-X1 Korea)

(Tomocube, Pecny6nuka

Kopes)

Hosbpb N2 4 (25) 2025 47



NWOEHTUOUKALMA IDENTIFICATION

Puc. 2. KonoHuu wtamma VNIIKR-B-0035 Fig. 2. Colonies of the VNIIKR-B-0035
Erwinia rhapontici strain after four days of presentedinFig. 4.
incubation at 27 °C on R2A medium

Erwinia rhapontici cnycta uetBepo cyTok
MHKY6upoBaHua npu 27 °C Ha cpepe R2A

Puc. 3. KonoHuu wramma Erwinia rhapontici VNIIKR-B-0035
CnycTs YeTBEPO CYTOK MHKYBUPOBaHUSA Npu TemnepaType
27 °C Ha cpepe R2A

Fig. 3. Colonies of the VNIIKR-B-0035 Erwinia rhapontici
strain after four days of incubation at 27 °C on R2A medium

[TosiyueHHBIN pPe3yabTaT MOXKET yKas3bIBaTbh Ha
HeI0CTAaTOYHYI0 KOMILJIEMEHTapHOCTh reHeTuuec-
KO MUIEHU IpaiMepoB recA_8/recA_8c y mraMma
VNIIKR-B-0035.

IIpu BeipaBHuUBaHUYU B Nucleotide BLAST NCBI
(https://blast.nchi.nlm.nih.gov/Blast.cgi) mociemosa-
TEJIbHOCTH, TIOJIYyYEHHOM B XOJ€ CEKBEHUPOBAHUS
yJyacTka reHa rpoD, oHa uMejla MaKCUMaJibHOE
CXOJICTBO Cc reHOM pedepeHTHOro mrramma E. rhapontici
BY21311 (mosHOreHOMHAas MOCJELOBaTEJIbHOCTh
GCA _020683125.1) ¢ ugeHTUYHOCTbIO 97,84%
(moxpeiTue 100%). [TonyyeHHBIEe PEe3yJIbTATHI
MOJIEKYJISIPHO-TEHETUYECKON UAeHTUDUKAIUYU
TOATBEPXKAAIOT BUIOBYIO TPUHAAJIEKHOCTD IITAMMa
VNIIKR-B-0035 k Buny E. rhapontici.

Buoxumuueckue ceoticmea

PesynbTaThl 6MOXUMUYECKOTO TECTUPOBAHUS
HabopoM API20E mmocyie 24 4acoB MHKYOUPOBAHUS

The morphology of the
colonies of the VNIIKR-B-0035 E.
rhapontici strain is shown in Fig. 2
(Canon EOS 6D Mark II, Japan)
and in Fig. 3 (Zeiss stereo-
Discovery V20 stereo micro-
scope, Germany, with a Canon
EOSRP camera, Japan).

The morphological charac-
teristics of the colonies of strain
VNIIKR-B-0035, described in
accordance with generally
accepted methods (Microbiology
Workshop, 2005), are presented
in Table 2.

Molecular genetic identifica-
tion

The results of molecular
genetic identification are

As a result of PCR testing of
DNA of strain VNIIKR-B-0035
with primers TSUO01/TSUO02,
ERH-1A/ERH-1B, isoRF/isoRR
and electrophoresis of PCR
products in agarose gel, frag-
ments of the expected lengths of
466 bp, 736 bp, 1600 bp, respec-
tively, were visualized (see Fig.
4A, 4B, 4C). In Fig. 4D, PCR
products were absent from DNA
of strain VNIIKR-B-0035. The
presence of a PCR product of the
expected length of 419 bp (see
Fig. 4D) in the positive amplifica-
tion control, as well as the
absence of PCR inhibition,
confirmed by obtaining a PCR
product of 714 bp in length for
IPC (see Fig. 5), indicates that the
PCRwas performed correctly.

The obtained result may
indicate insufficient comple-
mentarity of the genetic target of
recA_8/recA_8c primers in the VNIIKR-B-0035
strain.

When aligned in NCBI Nucleotide BLAST
(https://blast.nchi.nlm.nih.gov/Blast.cgi) with the
sequence obtained during sequencing of the rpoD
generegion, it had the highest similarity to the gene of
the reference strain E. rhapontici BY21311 (whole
genome sequence GCA_020683125.1) with an
identity of 97.84% (100% coverage). The obtained
results of molecular genetic identification confirm
the species affiliation of strain VNIIKR-B-0035 to the
species E. rhapontici.

Biochemical properties

The results of biochemical testing with the API
20E kit after 24 hours of incubation of microwell
platesat27°Care showninFig. 6.
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Ta6J1. 2. Mopdosornueckue npu3Haku Kojtouuii mramma VNIIKR-B-0035 Erwinia rhapontici
CIIyCTsI TPOe—UeTBepPo CyTOK MHKYOupoBaHus Ha cpeje R2A

Table 2. Morphological characteristics of colonies of the VNIIKR-B-0035 Erwinia rhapontici
strain after three to four days of incubation on R2A medium

IIpusHak CsoiicTBa VNIIKR-B-0035 CBoiicTBa THNOBOro mramma DSM 4484%
Aspects VNIIKR-B-0035 properties Properties of the type strain DSM 4484*
dopma Kpyraasa Kpyraasa
Shape Round Round
Pa3mep Jo 10 mm Jo 10 mm
Size Up to 10 mm Up to 10 mm
IToBepxXHOCTH Imapxasa Imapxasa
Surface Smooth Smooth
IIpoduin BBIMYKJIBIi BBIMYKJIBIi
Profile Convex Convex
Bieck BaecTsaiasa BaecTaiasa
Brilliance Shiny Shiny
IIpo3pavyHOCTh Hemnpo3pauHas Hemnpo3pauHas
Transparency Opaque Opaque
IiBeT BesioBaThIi BejioBaThIit
Color Whitish Whitish
ITurMmeHTALMA CPEbI OTcyTcTBYyeT OTCyTCTBYeT/PO30BBIii
Medium Pigmentation Absent Absent/Pink
Kpaii Cnagkuit Tnagkuit
Edge Smooth Smooth
CTpyKTypa OxzHoOpoaHasa OpHoOpoaHasa
Structure Homogeneous Homogeneous
KoHcucTeHus Causucrasi Causucrasi
Consistency Mucous Mucous
*no onucanur suda

*according to the species description

Monexynapno-eenemuyeckas udenmuguxayus
Pes3ynbTaThl MOJEKYISPHO-TEHETUUYECKON
uaeHTUUKAIIUY IPeICTaBIeHbl Ha PHUC. 4.

Molecular geneticidentification
The results of molecular genetic identification
are presented in Fig. 4.

B Puc. 4. dnekTpocdoperpamma
pesynbTartos Tectos MNUP ¢ AHK
wTtamma VNIIKR-B-0035 Erwinia
rhapontici (nopoxxku 1-3), roe A — TecT

1500 n.0. TSUO1/TSU02, b — TecT ERH-1A/ ERH-
1000 m.0. I5Mme. 1B B - tecT isoRF/isoRR, I - TecT
— 600 n.0. 10Mme.  recA_8/recA_8c, 4-5 -
00 m.o. 600 m.o. oTpuuaTesbHbIN KOHTPO/b
amMnanduKaumum, 6 — NONIOKUTENbHbIN
100 m.o, 300 m.o,

KOHTpOJb aMnnudukaumm, M — mapkep
100 m.0. anuH OHK 100+ bp, «<EBporeH»
(Poccus)

r Fig. 4. Electropherogram of the PCR
tests results with DNA of the VNIIKR-
B-0035 Erwinia rhapontici strain
(tracks 1-3), where A is the

1500 me. TSUO1/TSUO2 test, B is the ERH-

:;;';':: 1M0mo.  1A/ERH-1B test, C is the isoRF/isoRR
D s0mo. test, GistherecA_8/recA_8c test, 4-5
600 m.0. are negative amplification controls, 6
:ﬁ LS Moo 50 positive amplification controls, M is
.o

10 ma.  a DNA length marker of 100+ bp,
Evrogen (Russia)
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Puc. 5.
AnekTpocoperpamMmma
pesynbTatoB Tecta Mus 714
R/F, roe popoxkun 1-3 —
OHK wtamma VNIIKR-B-
0035 Erwinia rhapontici,
4-5 — oTpuLaTeNbHbI
KOHTPOsb aMnnaudukaumm,
M — mapkep anunH JHK

1500 m.o.
1000 n.o.

600 m.o.

300 m.o.

Fig. 5. Electropherogram of
the Mus 714 R/F test
results, where tracks 1-3
are DNA of the VNIIKR-B-
0035 Erwinia rhapontici
strain, 4-5 are negative
amplification control, M is a
DNA length marker of 100+
bp, “Eurogen”

10 thER LR IS 1617 IR 1R 3D

1rYas4THN
Topenpneey veeepenrnnl

IR T ETR TN WO T

TN ™ (pesmaceusnin pacsep AFD)

T 15 8 ek ML KOS TR

B | L L] 1L L o —

-
-

]

-
N
L]

Puc. 6. PesynbraTbl
6uoxumuyeckoro
TecTUPOBaHMs WTaMMa
VNIIKR-B-0035 Erwinia
rhapontici Habopom ons
naeHTumnKaumm
Enterobacteriaceae n ppyrux
rpamoTpuuaTesibHbIX
6akTepuii API 20E

| | vrumr-Boo3s
Eruma shapenne

Fig. 6. Results of
biochemical testing of the
VNIIKR-B-0035 Erwinia
rhapontici strain using the
API 20E kit for identification
of Enterobacteriaceae and
other gram-negative
bacteria (Biomerieux,
France)

100+ bp, «<EBporeH»

IJIQHIIETOB C MUKPOJIYHKaMU IIpU TeMIleparype 27 °C
npencTaBJIeHbl Ha PUC. 6.

YcraHoBsieHO, uTO 6akTepuu mramma VNIIKR-B-
0035 E. rhapontici BbipabaTbeiBaloT (GepPMEHTHI 13-
rajlakTo3upgasy u tpunrodaHIeaMuHAa3y, MOTYT
c6paxuBaTh TJIIOKO3Yy, MAHHUT, MHO3UT, COPOUT,
paMHO3y, caxaposy, MeJIuo103y, aMUTLaJIuH, apabuo-
HO3Y, BOCCTAHABJINBAIOT HUTPATHI 0 HUTPUTOB. OHU
He MPOAYLVPYIOT aprUHUHIUTUIPOJA3y, JU3UH]e-
Kapbokcuiasy, OpHUTHHAEeKapbokcuiIasy, ypeasy,
WHIOJ, alleTOUH, ejaTuHazy u H,S, a Takxe He
CITOCOGHBI YTUJIM3UPOBATh MUTPAThl. TUIIOBOMH
mramMM E. rhapontici DSM 4484 He BbIpabaThiBaeT
(hepmeHTHI f3-TasmakTO3UmAa3y, TPUNTODaHIEaMUHA-
3y, He cOpa’kuBaeT COPOUT, MPOAYLIUPYET AlleTOUH U
yTunusupyetT iutpathl (Schober et al., 2025). Takum
o6paszom, mramMm VNIIKR-B-0035 E. rhapontici
obJyiaflaeT YHUKAJbHBIMU OMOXMMUYECKUMY Xapak-
TEPUCTUKAMU I10 CPABHEHUIO C TUIIOBBIM IITAMMOM
9TOT0 BUJA.

B pesynbTaTe NPOBENEHHOU XapaKTEPUCTUKU
coCTaBJIeHa KapTOYKa mTaMMa, cojeprkamas
KJII0UEeBYI0 MHMOOPMAIIMI0 O €ro IIPOUCXOXKIEHUN U
OCHOBHBIX cBOMcTBax (cM. TabJI. 3).

3AKJ/IOYEHUWE

B xo/1e pa6oThI 6bLIM OTIPEEJIEHBI KYJIBTYPaJIh-
HO-Mop(dosoTuUecKre 0CO6EeHHOCTU UCCIIEAYEMOT0
mrTaMMma. C ITOMOIILBIO TOJOTOMOTPaUUECKOTO
mukpockorna HT-X1 (Tomocube, Pecriybsimka Kopest)
Mbl YCTAaHOBUJIU, UYTO KjeTKU wmraMma VNIIKR-B-
0035 uMelT MaJOYKOBUAHYI0 (OPMy, UX pas3Mep
0,8-1,5 mxMm B gyiuHy 4 0,2—-0,4 MKM B uMpuny. [1pu
KyJbTUBUPOBAHUM OaKTEepPUU HA arapu30BaHHOU
cpene R2A BeIpacTawT CIU3UCTBIE, OLHOPOJLHEIE,
KPYIJIOH BBIMYKJION (DOPMBEL, C TJIaZKOM U GecTsanieit
IIOBEPXHOCTHIO KOJIOHUU, OHU HENPO3PadyHbl U He
BBIPa6aThIBAIOT BOJOPACTBOPUMBIX TUTMEHTOB.

C moMou b KWCIIOJB30BaHMUSA Habopa nJud
unentTudukanuu Enterobacteriaceae M OPyTUX
HEIIPUXOTJIMBBIX IPaMOTPUILATENbHBIX MTajiouek API
20E (Biomerieux, ®paHIusa) yCTAHOBJEHO, YTO

(Biomerieux, ®paHuus)

Ithasbeen established that the VNIIKR-B-0035 E.
rhapontici strain produces the enzymes f3-
galactosidase and tryptophan deaminase and can
ferment glucose, mannitol, inositol, sorbitol,
rhamnose, sucrose, melibiose, amygdalin, and
arabionose, and reduce nitrates to nitrites. They do
not produce arginine dihydrolase, lysine decarboxyl-
ase, ornithine decarboxylase, urease, indole, acetoin,
gelatinase, or H,S, and are unable to utilize citrates.
The type strain of E. rhapontici DSM 4484T does not
produce the enzymes f5-galactosidase and
tryptophan deaminase, does not ferment sorbitol,
produces acetoin, and utilizes citrates (Schober et al.,
2025). Thus, the VNIIKR-B-0035 E. rhapontici strain
has unique biochemical characteristics compared to
the type strain of this species.

As a result of the conducted characterization, a
strain profile was compiled containing key informa-
tion aboutits origin and main properties (see Table 3).

CONCLUSION

As a result of the study, the cultural and morpho-
logical characteristics of the studied strain were
determined. Using an HT-X1 holotomographic
microscope (Tomocube, Republic of Korea), we found
that the cells of the VNIIKR-B-0035 strain are rod-
shaped, measuring 0.8-1.5 ym in length and 0.2-0.4
um in width. When cultivated on R2A agar medium,
the bacteria produce slimy, uniform, round, convex
colonies with a smooth and shiny surface. They are
opaque and do not produce water-soluble pigments.

Using the API 20E (Biomerieux, France) kit for
identification of Enterobacteriaceae and other
unpretentious gram-negative rods, it was established
that the bacteria of the VNIIKR-B-0035 E. rhapontici
strain have noticeable differences from the type
strain DSM 4484" in the profile of the synthesized
enzymes.
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Ta6a. 3. KapTouka mramma VNIIKR-B-0035 Erwinia rhapontici
Table 3. Profile of the VNIIKR-B-0035 Erwinia rhapontici strain

Ha3sBaHMe KOJUIEKIIUH, B KOTOPOii
JEeMOHMPOBaH HITAMM

Name of the collection in which

the strain is deposited

HayuHas KoJUIeKIUs 6aKTepUil HAyYHO-MeTOUYEeCKOro
oTAesia 6aKTepPUoJIOruu

Scientific collection of bacteria of the Research and
Methodology Department of Bacteriology

Afpec KOJUIEeKIUU
Collection address

MO, M. 0. PameHcKuii, irT BbIKOBO, yi1. [IorpaHuyHas, 32, 140150
Moscow Oblast, Ramenskoye, Bykovo, 32 Pogranichnaya, 140150

JlaTa BBeJIeHUS B KOJLJICKI[HIO
Date of introduction into the collection

01.06.2021

Homep mraMmma
Strain number

VNIIKR-B-0035

HayuyHoe Ha3BaHUe OpraHusMa
Scientific name of the organism

Erwinia rhapontici (Millard 1924) Burkholder 1948

Teorpacduueckoe MPOUCXOXKIeHUE
Geographical origin

Poccus, Pecniy6iiuka Kpsim, Besioropckuii paiioH
Russia, Republic of Crimea, Belogorsky District

TUIoBoii LITAMM
Type strain

Jda HeTt
] N

Yes

N CTOUYHMK U30JII0UU

sluMeHb 00BIKHOBEHHBII 03UMBIi, cOpT Bocxoz, (cynepasura), Hordeum vulgare L.

Source of isolation

Common winter barley, Voskhod variety (super elite), Hordeum vulgare L.

P, 1. 0. auna, mpousBeaiiero
BbIZIeJIEHUE HITaMMa

Full name of the person who
isolated the strain

Slovareva O. Yu.

CaoBapesa O. 0.

Tog usonauuun

Year of isolation Al

CeKkBeHUpPOBaHUe yuyacTKoB 16S pPHK (npaiimepsi 8UA/519B) 1 yUacTOK reHa
rpoD (upaiimepst TSU01/TSUO02), IILIP-TecTUpoOBaHuUe C IIpaiiMepamMu

IIpoBeieHHbIE METObI
uaeHTUbuKauu
Identification methods used

TSUO01/TSUO02 (Tsuji et al., 2020), ERH-1A/ERH-1B (Naas et al., 2004)
u isoRF/isoRR (Thapa et al., 2012)
Sequencing of 16S rRNA regions (primers 8UA/519B) and the rpoD gene region

(primers TSUO1/TSU02), PCR testing with primers TSU01/TSUO02 (Tsuji et al., 2020),
ERH-1A/ERH-1B (Naas et al., 2004) and isoRF/isoRR (Thapa et al., 2012)

oakTepuu mramma VNIIKR-B-0035 E. rhapontici
MMEIOT 3aMeTHbI€ OTJIMYMSA OT TUIIOBOrO IITaMMa
DSM 4484" 110 npod U0 CUHTE3UPyeMbIX (pepMeH-
TOB.

[Ipu ITOP-tectupoBanuu JHK VNIIKR-B-0035
E. rhapontici c mpatimepamu recA_8/recA_8c (Gehring,
Geider, 2012) IILP-IPOAYKTHI OTCYTCTBOBAJHU, UTO
CBUETENBCTBYET O HEJOCTATOUYHON KOMILJIEMEHTAP-
HOCTU T€HETHUYECKON MUIIEHU NpariMepoB
recA_8/recA_8c y mramma VNIIKR-B-0035. B
pesysibTaTe MPOBeNeHMS APYTUX BUAOCTIEII (DU UHBIX
[1LIP-TeCcTOB MCCJEMyEMOTO IITAaMMa C IpaMepamMu
TSUO01/TSUO2 (Tsuji et al., 2020), ERH-1A/ERH-1B
(Naas et al., 2004) u isoRF/isoRR (Thapa et al., 2012)
MMOJIy4Y€HbI MPOLYKTHI OXKMIAeMOM AJUHBI 466 1I.0.,
736 11.0., 1600 11.0. COOTBeTCTBEeHHO. CeKBEHUPOBA-
HUe yJyacTKa reHa rpoD Tak)ke yKa3bIBaeT Ha IPUHA], -
gdexHocThb mramMma VNIIKR-B-0035 k Bupy
E. rhapontici.

dTo mepBasg MOJEKYJNSIpHO-TeHeTHuUeckasa
nnentudukanus E. rhapontici B Poccun, IIpOBEJIEH-
Hasl C UCMIOJb30BAaHWEM BUAOCIENM(PUUHBIX ITpaii-
MepoB TSUO1/TSUO02, ERH-1A/ERH-1B u
isoRF/isoRR, a Tak)Xe IyTeM CeKBEHUPOBAHUSI
yuacTka rpoD. ITonydeHHBIe Pe3yJIbTaThl MOATBEP-
KOAT IpuHagaexHocTh mraMmma VNIIKR-B-0035 k
Buny E. rhapontici. PaHee, HaCKOJIbKO HaM HU3BECTHO,
OTCYTCTBOBAJIX [IOCTOBEPHbBIE CBEIEHUS O TOM, UTO
dYMeHb MOXET OGbITh MCTOUYHUKOM M30JAIIUU
E. rhapontici. YioMuHaHue 00 M30JAIIMU OaKTepuu
pozna Erwinia n3 saMeHs gBypsaHoro (Hordeum vulgare
L. var. distichon) pasMelleHO Ha caiTe HayuHo-

PCR testing of E. rhapontici VNIIKR-B-0035 DNA
with recA_8/recA_8c primers (Gehring, Geider, 2012)
did notyield any PCR products, indicating insufficient
complementarity of the recA_8/recA_8c primer
genetic target in strain VNIIKR-B-0035. Other
species-specific PCR tests of the strain under study
with TSUO1/TSUO2 (Tsuji et al., 2020), ERH-1A/ERH-
1B (Naas et al., 2004), and isoRF/isoRR (Thapa et al.,
2012) primers yielded products of the expected
lengths of 466 bp, 736 bp, and 1600 bp, respectively.
Sequencing of the rpoD gene region also indicates that
strain VNIIKR-B-0035 belongs to the species E.
rhapontici.

This is the first molecular genetic identification
of E. rhaponticiin Russia, conducted using the species-
specific primers TSU01/TSUO2, ERH-1A/ERH-1B, and
isoRF/isoRR, as well as by sequencing the rpoD region.
The results confirm that strain VNIIKR-B-0035
belongs to the species E. rhapontici. As far as we know,
previously there was no reliable information that
barley could be a source of E. rhapontici isolation. A
mention of the isolation of a bacterium of the genus
Erwinia from the barley (Hordeum vulgare L. var.
distichon) was posted on the website of the Research
Center for Genetic Resources of the National Organi-
zation for Agricultural and Food Research, where,
based on a study of the 650 bp gyrB gene sequence, the
bacterium was identified as E. rhapontici (NARO
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WCCIIeOBATENbCKOTO I[€EHTPA TeHEeTUUECKUX
pecypcoB HalnmoHabHON OpraHu3alluy CeTbCKOX0-
39MCTBEHHBIX U IIPOJOBOJbBCTBEHHBIX MCCIEI0BA-
HUH, e Ha OCHOBAHUU MCCJIeN0BaHUs II0CIeL0Ba-
TEJIbHOCTY TreHa gyrB mauHoi 650 1m.0. 6aKTEpPUIo
ugeHtTuduuposaau Kak E. rhapontici (NARO
Genebank project). YuuTbiBasi, YTO BhIpaBHUBaHUE
3TOM nnociyenosaTresibHocTy B Nucleotide BLAST NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) He mo3Bos-
€T YCTaHOBUTh MaKCHMMAaJIbHOE CXOJICTBO MMEHHO C
E. rhapontici, TTOCKOJIbKY UCIIOJIb30BaHHAs ITOCJIe0Ba-
TEJbHOCTDb Te€Ha gyrB KOHCEepPBATUBHA C APYTUM
BumoM E. persicina, coobmenre B NARO Genebank
project HeJIb3sI CYUMTATH JOCTOBEPHBIM JIO IOy UEHUS
JIOTIOJNTHUTEJIbHBIX CBeleHul. TakuM 06pa3om, Hallle
KCCIIeIOBAHUE SIBJISIETCS MIEPBBIM ITOATBEPKIEHUEM
TOTO, 4TO E. rhapontici MOXeT OBbITh BbIZejeHa U3
suMeHs 06bIKHOBeHHOTO (Hordeum vulgareL.).

Pabora BBITIOJIHEHA B PaMKaX roCyLapCTBEHHO-
ro 3aJaHus, PErUCTPalMOHHBIY HOMep ETUCY
HMOKTP 124022800050-6.
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